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In the eukaryotic cell cycle, the G2–M transition is
regulated by a counteracting kinase/phosphatase
mechanism. A novel player, Tome-1, has now been
found to trigger entry into mitosis by interfering with
this kinase/phosphatase ‘switch’.
Cell-cycle transitions are regulated by the interplay
between cyclin-dependent kinases (Cdks) and
ubiquitin-mediated proteolysis. The anaphase-
promoting complex (APC) and the Skp1–cullin–F box
protein (SCF) complex are two related ubiquitin ligases
which regulate cell-cycle progression by targeting
cyclins and cyclin-dependent kinase inhibitors, respec-
tively, for proteasomal degradation [1,2]. Both of these
ubiquitin ligases are themselves regulated by phos-
phorylation in a way that allows the APC to be active
during mitosis and G1, whereas the SCF ubiquitinates
most of its substrates from the G1–S transition until
early mitosis. 
Entry into mitosis requires activation of Cdk1. For
this to occur, inhibitory phosphates on Cdk1 must be
removed by the phosphatase Cdc25. Proper timing is
assured by the opposing effect of the kinase Wee1,
building a switch-like mechanism for Cdk1 activation
[3,4]. Various regulatory mechanisms converge on 
this kinase/phosphatase switch, shifting the balance
towards Cdc25 for mitotic entry or towards Wee1 to
keep the cell in G2 (Figure 1) [5]. For example, Wee1
itself is negatively regulated by phosphorylation and
degraded in an SCF-dependent manner. Ayad et al.
[6] have now identified a novel factor, Tome-1, the
depletion of which from Xenopus egg extracts
prevents mitotic entry. The authors show that Tome-1
regulates Cdk1 activation by targeting Wee1 for degra-
dation, shifting the Cdc25/Wee1 balance towards the
phosphatase and activation of Cdk1. Furthermore they
find that, in somatic cells, Tome-1 is degraded in G1 in
an APC-dependent manner.
Tome-1 was identified by screening pools of in vitro
translated Xenopus laevis cDNAs for novel G1
substrates of the APC. APC activity is regulated during
the cell cycle by its association with two regulatory pro-
teins, Cdc20 and Cdh1 [7]. These proteins are thought
to act as substrate-recruitment factors. Cdc20 activates
the APC at the metaphase-to-anaphase transition, and
Cdh1 is required for APC function in G1. Cdc20-depen-
dent ubiquitination requires a conserved sequence
element in the target protein called the destruction (D)
box, whereas most targets of Cdh1-activated APC
contain a ‘KEN’ box, often in addition to a D box
(reviewed in [8,9]). The sequence of Tome-1 includes
both D and KEN boxes, and the effects of mutations of
these sequences in degradation assays showed that
Tome-1 is degraded by the APC in a Cdh1 and KEN
box-dependent manner [6]. This correlates nicely with
the fluctuation of Tome-1 during the cell cycle, as
protein levels peak in mitosis and decrease in G1, the
time when the APC forms an active complex with Cdh1.
In addition to the D and KEN box elements, Tome-1
sequence has a putative F-box motif, usually found in
SCF-adaptor proteins where it serves to direct sub-
strates to the ubiquitin ligase [10]. Tome-1 cofraction-
ated with Skp-1 and Cul-1, two core subunits of the
SCF, and interacts with Skp1 in an F-box-dependent
manner, both in vitro and in vivo [6]. Furthermore, dele-
tion of the F-box-containing amino terminus of Tome-1
delayed cell-cycle progression in Xenopus embryos
and blocked mitotic entry in egg extracts. As Cdk1
remained phosphorylated and therefore inactivated in
the blocked extracts, Ayad et al. [6] investigated
whether Tome-1 affects degradation of the Cdk1-
phosphorylating kinase Wee1. They found that, when
Tome-1 was depleted from Xenopus egg extracts,
Wee1 levels were stabilized, indicating that Tome-1 is
indeed involved in promoting degradation of Wee1.
Mitotic entry in Xenopus egg extracts depends on
degradation of Wee1, and this happens in an SCF-
dependent manner [11,12]. The identity of the F-box
protein that directs Wee1 to the SCF has, however,
been unclear. Kaiser et al. [12] found an F-box protein,
Met30, which specifically binds to Swe1, the budding
yeast homologue of Wee1. Met30 also showed
genetic interaction with the SCF core subunits, and
mutations in Met30 or the SCF led to stabilization of
Swe1, suggesting that Met30 might be the adaptor
protein that directs Wee1 to the SCF. Subsequent
studies, however, revealed that Met30 is not the SCF
targeting factor but rather influences Swe1 stability in
an indirect way [13]. The new work by Ayad et al. [6]
now implies that Tome-1 acts as part of an SCF-type
ubiquitin ligase for Wee1. It will be interesting to deter-
mine if Tome-1 directly recruits Wee1 to the SCF, and
if so, whether Wee1 is Tome-1’s only substrate or
whether other proteins are also ubiquitinated by the
same mechanism.
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Figure 1. The Wee1–Cdc25 switch.
Mitotic entry depends on Cdk1 activity. The kinase Wee1
phosphorylates Cdk1 in interphase, resulting in inhibition of
Cdk1 activity. To enter mitosis, this inhibition must be over-
come by the opposing effect of the phosphatase Cdc25. As
soon as Cdc25 activity becomes greater than that of Wee1, the








The model that Tome-1 regulates Wee1 levels is con-
sistent with the kinase’s known importance in the G2–M
transition. Ayad et al. [6] hypothesize that Tome-1
degradation is required for the reaccumulation of Wee1
in G1. The absence of Cdh1 from Xenopus eggs,
however, implies that Tome-1 degradation is not essen-
tial for the embryonic cell cycle. This might reflect a
greater complexity in somatic cell cycle regulation.
Whereas the SCF core subunits are present in a
cell throughout the cell cycle, the SCF adaptor pro-
teins are unstable. Work by Zhou et al. [14] indicates
that the degradation of these proteins occurs in an
ubiquitin-dependent fashion, and that this is a result
of autoubiquitination. Further evidence for SCF-
mediated autoubiquitination of the F-box protein
Skp2 has been provided by Wirbelauer et al. [15].
The finding that Tome-1 is targeted for degradation
by the APC suggests a second possibility for how
SCF-adaptor proteins could be regulated during the
cell cycle. 
A recently identified inhibitor of the APC, Emi1, is
another protein which acts to ‘tip the balance’ of a
cell-cycle transition, in this case the G1–S phase
transition [16]. Production of the S-phase regulator
cyclin A is counterbalanced by its destruction via
Cdh1-activated APC. Emi1 can inhibit the APC in G1,
stabilizing the S-phase regulator cyclin A which is
required for full APC inactivation and subsequent pro-
gression into S phase. Emi1 is itself a substrate for
SCF-dependent degradation [17], so like Tome-1 it
provides a direct link between these two proteolytic
pathways (Figure 2). The communication between the
SCF and APC proteolytic system might play an impor-
tant role for correct cell-cycle progression and to
ensure the proper timing for degradation of key cell
cycle regulators.
References
1. Peters, J.M. (1998). SCF and APC: the Yin and Yang of cell cycle
regulated proteolysis. Curr. Opin. Cell Biol. 10, 759–768.
2. Harper, J.W., Burton, J.L. and Solomon, M.J. (2002). The anaphase-
promoting complex: it’s not just for mitosis any more. Genes Dev.
16, 2179–2206.
3. Gautier, J., Solomon, M.J., Booher, R.N., Bazan, J.F. and Kirschner,
M.W. (1991). cdc25 is a specific tyrosine phosphatase that directly
activates p34cdc2. Cell 67, 197–211.
4. Russell, P. and Nurse, P. (1987). Negative regulation of mitosis by
wee1+, a gene encoding a protein kinase homolog. Cell 49,
559–567.
5. Pearce, A.K. and Humphrey, T.C. (2001). Integrating stress-
response and cell-cycle checkpoint pathways. Trends Cell Biol. 11,
426–433.
6. Ayad, N.G., Rankin, S., Murakami, M., Jebanathirajah, J., Gygi, S.
and Kirschner, M.W. (2003). Tome-1, a trigger of mitotic entry, is
degraded during G1 via the APC. Cell 113, 101–113.
7. Visintin, R., Prinz, S. and Amon, A. (1997). CDC20 and CDH1: a
family of substrate-specific activators of APC-dependent proteoly-
sis. Science 278, 460–463.
8. Vodermaier, H.C. (2001). Cell cycle: waiters serving the destruction
machinery. Curr. Biol. 11, R834–837.
9. Peters, J.M. (2002). The anaphase-promoting complex: proteolysis
in mitosis and beyond. Mol. Cell 9, 931–943.
10. Patton, E.E., Willems, A.R. and Tyers, M. (1998). Combinatorial
control in ubiquitin-dependent proteolysis: don’t Skp the F-box
hypothesis. Trends Genet. 14, 236–243.
11. Michael, W.M. and Newport, J. (1998). Coupling of mitosis to the
completion of S phase through Cdc34-mediated degradation of
Wee1. Science 282, 1886–1889.
12. Kaiser, P., Sia, R.A., Bardes, E.G., Lew, D.J. and Reed, S.I. (1998).
Cdc34 and the F-box protein Met30 are required for degradation of
the Cdk-inhibitory kinase Swe1. Genes Dev. 12, 2587–2597.
13. McMillan, J.N., Theesfeld, C.L., Harrison, J.C., Bardes, E.S. and
Lew, D.J. (2002). Determinants of Swe1p degradation in Saccha-
romyces cerevisiae. Mol. Biol. Cell 13, 3560–3575.
14. Zhou, P. and Howley, P.M. (1998). Ubiquitination and degradation
of the substrate recognition subunits of SCF ubiquitin-protein
ligases. Mol. Cell 2, 571–580.
15. Wirbelauer, C., Sutterluty, H., Blondel, M., Gstaiger, M., Peter, M.,
Reymond, F. and Krek, W. (2000). The F-box protein Skp2 is a ubiq-
uitylation target of a Cul1-based core ubiquitin ligase complex: evi-
dence for a role of Cul1 in the suppression of Skp2 expression in
quiescent fibroblasts. EMBO J. 19, 5362–5375.
16. Hsu, J.Y., Reimann, J.D., Sorensen, C.S., Lukas, J. and Jackson,
P.K. (2002). E2F-dependent accumulation of hEmi1 regulates S
phase entry by inhibiting APC(Cdh1). Nat. Cell Biol. 4, 358–366.
17. Margottin-Goguet, F., Hsu, J.Y., Loktev, A., Hsieh, H., Reimann, J.D.
and Jackson, P.K. (2003). Destruction of Emi1 in prophase requires
the SCF(beta-TrCP/Slimb) ubiquitin ligase and triggers activation of
the Anaphase Promoting Complex to allow progression beyond
prometaphase. Dev. Cell, in press.
Dispatch
R446
Figure 2. A model showing the cross-talk between the APC
and the SCF proteolytic pathways.
Tome-1 is degraded in an APC-dependent manner, but is itself
required to target substrate to the SCF. Conversely, Emi1
inhibits APC activity and is a substrate of the SCF pathway.
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